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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. mal system, This suspicion was reinforced a f t e r several deep geothermal wells, d r i l l e d to 'depth6 3 t o 3.5 km over t h e anomaly, intersected an appare n t d i k e -s i l l complex consisting mainly of diabase but with minor thyodacite. A d e t a i l e d f i t of t h e observed magnetic f i e l d t o , @ computer model indi-.
cates t h a t t h e source may be approximated by a t a b u l a r block 4 by 6 km i n area, 3.7 km i n depth, 2.3 km thick,+and dipping s l i g h t l y to t h e north.
Uafic dike chipa &torn one well, .kL-l, were analyzed by means of e l e c t r o n microprobe analyses which showed them t o contain a titanomagnetite t h a t is paramagnetic at inAsitu temperature conditions. As t h e dike mineralogy does not account f o r t h e magn e t i c anomaly, t h e magnetic source i s believed t o be a deeper, magnetite-rich assemblage of peridotite-gabbro plutons.
was probably passively emplaced at a shallow depth i n response t o c r u s t a l extension and thinning brought on by s t r i k e -s l i p faulting, The bottom of t h e magnetic source body, at an estimated depth of 6 km, i s presumed t o be at or near t h a t of t h e Curie isotherm (575OC) f o r magnetite, the principal ferromagnetic mineral i n peridotitic-gabbroic rocks.
The geological model derived from t h e magnetic study is generally supported by other geophysical, data, In p a r t i c u l a r , earthquake d a t a auggest dike i n j e c t i o n i s occurring at depths of 6 t o 11 km in an area beneath t h e magnetic source. Thus, it' is possible t h a t heat f o r t h e geothermal f i e l d i 8 being maintained by continuing c r u a t a l extensionand magmatic a c t i v i t y .
Cerro P r i e t o geother-
INTRODUCTION
The nearly symmetrical, d i p o l a r magnetic anomaly centered 2 km south of Ejido Nuevo Leon and 5 km east of t h e parer plant I has a t t r a c t e d interest f o r many years because of i t s proximity t o t h e geothermal f i e l d (Fonseca and Razo, 1979; Lyons and van de Kamp, 1980) . Our c u r i o s i t y about t h i 6 8110-maly was i n t e n s i f i e d a f t e r t h e f i r s t of t h e deep step-out wells (NL-1) d r i l l e d by t h e Comisih Federal de Electricidad (CFE) over t h e anomaly to evaluate the extent of the reservoir returned igneous rock cuttings from depths of 3 km. These chips were later i d e n t i f i e d to be material from b a s i c dikes (diabase) and a more s i l i c i c dike (rhyodacitic) (Elders et al., 1981) . This discovery was not unexpected i n view of the magnetic anomaly, and it rekindled discussions of t h e geologic model proposed by Lomnitt et a1. (1970) and Eldera et a1. (1972) .
Cerro P r i e t o area, among other known geothermal site6 in t h e Salton Trough, is a spreading center, where t h e c r u s t is being pulled open by rightlateral s t r i k e -s l i p movement. Under such tectonic stresses an extensional sedimentary basin or pullapart b a s i n (BIcKtnzie, 1978; Vonder Hoar and Howard, 1979) would begin to form as t h e lithosphere t h i n s and begins to subside. and basin development is rapid, there w i l l be a passive upwelling of denser upper mantle rock, c r e a t i n g a new oceanic-type lithosphere at depth (WcKenzie, 1978) . Elders (1982, peraonal comunication) noted t h a t the Nuevo Leon magnetic ancmaly (abbreviated NLMA in t h i s report) was probably c8used by t h e same assemblage o f mafic rocks found at oceanic spreading centers, except f o r pillow b 8 s d t 6 , and t h a t it was highly l i k e l y t h e anomaly is r e l a t e d t o t h e magnetic h e a t source responsible f o r the Cerro P r i e t o Geothermal Field. To l e a r n more about t h i s propoaed heat source we studied the magnetic f i e l d d a t a and magnetic properties of t h e
The c e n t r a l idea of t h i s model i s that the Where thinning of t h e c r u s t diabase rock chips. Other geophysical data collected by various workers were also used to test the magnetic model.
THE NUEVO LEON MAGNETIC ANOMALY
The Nuevo Leon magnetic anomaly (Figure 1 ) is a nearly symmetrical dipolar magnetic anomaly with a peak-to-peak amplitude of 300 Y. at ground level by CFE with a total field (proton precession) magnetometer (Fonseca and Razo, 1979). We interpreted the anomaly by fitting the observed data to fields calculated using a vertical prism code in combination with a 2-D Talwani-type code. Because the positive and negative maxima of the anomaly are nearly equal, a prism model cannot alone fit the observed data for the present field inclination. anomaly, in particular the magnetic low, must be due to a drop in the depth to the magnetic basement.
Consequently, the 2-D Talwani. code was used to model the basement configuration.
It was measured
We surmised that a portion of the mainly vith the non-opaque minerals, we obtained 'and studied a set of five mafic rock chips that had been mounted on a slide at U.C. Riverside. These particular samples, the same as described above by Weist (1980) . were 6electcd for study because they contain an assortment of opaque minerals and had suffered far Less hydrothermal alteration than many of the other mounted chip samples.
The magnetic prism'hrs a bottom at a depth of However, because Weist's study was concerned 6.0 km, where its magnetization is assumed to decrease to that of the host rock. However, as it is difficult to resolve the apparent susceptibilities at depths of 6.0 km from the surface, it is conceivable that the actual magnetization of rocks at this depth could be lower. This subject is discussed in terms of Curie temperature in the following rection.
ANALYSIS OF XAPIC DIKE CHIPS
Abundant mafic dik ' . . 
Gravity
There is no distinct Bouguer gravity anomaly coinciding with the NLHA (Fonseca and Razo, 1979) . There is, however, a saddle in a complex pattern of gravity highs and l w r over the NLHA area. The relationships between these gravity anomalies and subsurface structure are only sketchily known from a few drill holes and limited numerical modeling. Figure 3 80 that it may be compared to the magnetic field perturbation. The small high that occurs directly over the magnetic source arises from a broad gravity high centered 13 to 15 km east of the NLMA whose flank was crossed by A-A'.
The Bouguer gravity along line A-A' is plotted in
The absence of a distinct gravity high over the area of postulated mafic plutons does not invalidate the geologic model presented in the previous section. This absence might be explained as the result of magmatic-hydrothermal-tectonic processes which combined to produce a degree of metamorphism and structural conplexity that obscures the effect of density differences between the gabbroic plutons and graniticsedimentary host rocks. However, density differences are likely to be small in any case. It has been ertablished from many measurements on serpentinired gabbros and peridotites from ocean floors and orogenic tones that the more magnetic samples have relatively low densities that cluster in the range of 2.40 to 2.70 gfcm3 (Coleman, 19711 , similar to the range we can expect for the deeper sediments and the granodioritic basement complex. The seismic a c t i v i t y over t h e NLMA indicates tensional stresses and normal faulting, with almost v e r t i c a l displacements beneath t h e northern and west e r n edges of t h e magnetic source body (Figure 5 ) (Reyes and Razo, 1979) . In t h e v i c i n i t y of Ejido Nuevo Leon, t h e f a u l t i n g occurs along a zone r t r i king N 400E; calculated focal depths range from 6 t o 11 km. sional stresses are associated with local c r u s t a l spreading and dike injection. In connection with our magnetic-geologic model, t h e seismological evidence seems t o support a c t i v e d i k e i n j e c t i o n from a magma chamber at ,a depth of 10 t o 12 km.
Magnetotellur i c Sounding
Reyes and Rszo (1979) proposed t h a t t h e tenSeveral magnetotelluric (PIT) s t a t i o n s had previously been placed over or near t h e magnetic source; t h e soundings made to s u f f i c i e n t l y low frequency t o provide information at depths corresponding to t h e mafic plutons. Station 6, l i n e E-E' (Figure 5 ) l i e s a short distance beyond the northern margin of the source., This was t h e only rtat i o n where t h e subsurface appeared e l e c t r i c a l l y onedimensional. A one-dimensional r e s i s t i v i t y invers i o n was performed and reported by Gamble e t a1. (1979) and is shown i n Fig. 6 . tween the surface and approximately 6 km there i s variable r e s i s t i v i t y whose relationship to temperat u r e , lithology and hydrogeology was discussed by Gamble e t a1. (1979) and Lyons and van de Kamp (1980) . A t s depth of 6 2 1.0 km the MT d a t a show evidence f o r a change t o a more r e s i r t i v e basement, but t h e nature of t h i s f e a t u r e which occurs at a similar basement depth t o t h a t inferred from t h e magnetic model (Figure 3) is not clear.
Here we see t h a t be-
A one-dimensional inversion of HT r e s i s t i v i t y d a t a at S t a t i o n 6, l i n e E-E' a f t e r Gamble e t a1. (1979) . MT l i n e G-G' passed over a corner of t h e magnet i c source; r t a t i o n s 22 and 23 are within t h e indicated boundary of t h e mafic plutons. Figure 7 , the pseudosection of the TE or e l e c t r i c field-parallel-to-strike mode rhows e thick section of conductive material t o a depth of 3 km over t h e magnetic source, and a v e r t i c a l contact close t o s t a t i o n 23. The 2-D i n t e r p r e t a t i o n of t h e subsurface region between s t a t i o n s 22 and 25 i s shown i n t h e i n s e t diagram. As noted by Goubau e t a1. The i n s e t in t h e diagram on t h e r i g h t shows t h e 2-D subsurface model t h a t was found t o give a reasonable f i t t o t h e observed d a t a within t h e dashed l i n e s ( a f t e r Goubau et el., 1981).
6
line Colorado River water from the east. The indicated depth to basement of 5 kin beneath MT Station 25 seems generally consistent with other data. Over the magnetic source, at station 22, the shallow conductive region is the effect of sediments with hotter, more saline pore fluids. The ahallower apparent basement at this locality, depth 3 km, might represent the resistive effect of a less porous mixture of hydrothermally metamorphosed sediments and the dike-sill complex, but there are no deep drill holes as yet in this area.
CONCLUSIONS
On the basis of our magnetic interpretation of the NLMA, analysis of chip samples of mafic dikes, and analysis of other geological-geophysical data, we have been able to support the geological model of the Cerro Prieto area as an extensional basin into which mantle-derived rocks are being passively emplaced. Inferences drawn from thermal data, such as well logs and depth to the magnetite Curie isotherm, suggest a melt zone (magma chamber?) at a depth of 10 to 12 km. cate that the north-northwest border of the magnetized zone is the locus of present extension and possible dike injection at depths of 6 t o 11 km.
Earthquake data indiThese findings lead us to suggest that the heat for the Cerro Prieto Geothermal Field is being supplied by a magmatic source whose upper surface is at a depth of 10 to 12 km.
